Introduction
Sucrose is considered as the most important sweetener ingredient in food and pharmaceutical industries everywhere. In the pharmaceutical industries, this compound is used to develop solid and liquids dosage forms. 1 Regarding the liquid products intended for peroral administration, sucrose is mainly used as natural sweetener, as volume contributor in vehicles like officinal syrups and elixirs, as water evaporation regulator, and even as an osmotic antimicrobial preservative agent. 1 In particular, medicinal syrups and elixirs normally contain high proportions of sucrose. 2, 3 For this reason, some physicochemical properties of this natural excipient in aqueous cosolvent mixtures, like equilibrium solubility and volumetric contributions, are very important from a practical point of view to facilitate the duties of pharmaceutical scientists during all the stages related to dosage forms design and development. 4, 5 Although sucrose as additive has been used for centuries in several industries, and some reports about its apparent specific and/or molar volume in water or cosolvent mixtures have been reported in the literature, 4-10 the information about its volumetric physicochemical behavior in mixed aqueous solutions is still far to be complete. 4, 5 Particularly, up to the best of our knowledge, no apparent specific volumes of sucrose as a function of sucrose concentration in aqueous cosolvent mixtures have been reported in the literature. In this way, only apparent specific volumes of sucrose at saturation in the most common aqueous cosolvent mixtures have been reported. 4, 5 It is noteworthy that the volumes of components in solution are not additive owing the different intermolecular interactions and/or differences in molar volumes. Therefore, the real volumetric contribution of each component is expressed by the partial molar or specific volumes, which depend on temperature and mixtures compositions, and thus, normally are not known for the vast majority of compounds. This is also valid for drugs and excipients in every liquid pharmaceutical dosage form. Nevertheless, in a good approximation, the use of apparent specific volumes constitutes a good tool in design of liquid products, in contraposition of the wellknown Latin term "Quantum satis", i.e. "the amount which is enough", because it could allow the calculation of the volumetric contribution of each component of the medicinal formulation. 2, 3 With all this in mind, in the present research the apparent specific volumes of sucrose (the solute identified as component 3) as a function of the solute concentration in different {cosolvent (component 1) + water (component 2)} mixtures were studied at 298.2 K. Cosolvents studied
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Background: Sucrose is the most widely used sweetener in foods and pharmaceuticals. Apparent specific volumes of this excipient in aqueous cosolvent mixtures are not available. Thus, the main objective of this research was to determine this property by measuring the density of several solutions of sucrose in {cosolvent + water} mixtures at 298.2 K. Methods: Sucrose dissolutions were prepared gravimetrically and a thermostatically controlled digital oscillatory method was used to measure the dissolutions density. Results: From density values of sucrose dissolutions and cosolvent mixtures the apparent specific volumes of sucrose were calculated and analyzed based on the sucrose and cosolvent proportions in the mixtures.
Conclusion:
Useful density values of sucrose solutions at different concentrations in several aqueous cosolvent mixtures are reported at 298.2 K. Finally, a mean apparent specific volume value of 0.632 cm 3 .g -1 for sucrose in different aqueous-cosolvent mixtures could be adequate for practical purposes in pharmaceutical industries.
were ethanol, propylene glycol, glycerol, and polyethylene glycols 200 and 400 (PEG 200 and PEG 400). Pharmaceutical literature reports a lot of applications and medicinal products were these cosolvents are used as excipients. 11, 12 Thus, this research expands the information reported previously with this pharmaceutical sweetener agent in several {cosolvent (1) + water (2)} mixtures. 4, 5 mass fraction purity: 0.992; Dow Chemical Co., USA), and distilled water with conductivity < 2 μS.cm -1 , were used in this research. Molecular sieve (numbers 3 and 4, Merck, Germany) was also used.
Materials and Methods

Reagents
Sucrose cosolvent mixtures preparation
All {cosolvent (1) + water (2)} mixtures were prepared by gravimetric method in quantities of 60.00 g by using an analytical balance (Ohaus Pioneer TM PA214, USA, sensitivity ±0.1mg). The mass fractions of cosolvent ( (2)} mixtures. Sucrose concentrations were chosen based on the solubility exhibited by this compound in the respective aqueous cosolvent mixtures to cover a wide range of compositions. 4, 5 Moreover, these are the concentrations commonly used to design liquid dosage forms mainly intended for the oral administration route.
2,3
Density determinations Dissolution density was measured by using a digital density meter (DMA 45 Anton Paar, Austria) directly connected to a recirculating thermostatic bath operating at 298.2 K (Neslab RTE 10 Digital One Thermo Electron Company, USA). Densities were used to calculate the apparent specific volumes of sucrose ( 
Here, w3 and w1+2 are the mass fractions of sucrose (3) and the cosolvent mixture (1+2) in the respective dissolution, respectively. 1+2+3 and 1+2 are the densities of the sucrose dissolution and the cosolvent mixture free of solute, respectively. All density values of the {cosolvent (1) + water (2)} cosolvent mixtures free of solute at 298.2 K were taken from the literature. [15] [16] [17] [18] [19] Results and Discussion Density of the sucrose dissolutions and apparent specific volumes of sucrose at 298.2 K are reported in Tables 1 to  3 for water, aqueous-alcoholic and aqueous polymeric mixtures, respectively. Besides, for illustration the density of the sucrose dissolutions in neat water and also in {ethanol (1) + water (2)} mixtures as a function of the sucrose proportion expressed as mass fraction (w3) at 298.2 K is shown in Figure 1 . Moreover, just as an example, the density of sucrose dissolutions in the five {cosolvent (1) + water (2) By considering the sucrose behavior in neat water (Table  1) , the dissolution density increase with the sucrose proportion by following a parabolic trend. Moreover, the values also increase with the sucrose proportion following a third degree regular polynomial (Figure 3 w is the mass fraction of cosolvent (1) in the {cosolvent (1) + water (2)} mixtures free of sucrose (3).
d Data from Ref. [15] . e Data from Ref. [16] .
f Data from Ref. [17] .
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Tinjacá D, et al. ; mean uncertainty in apparent specific volume of sucrose is 0.002 cm It is important to note that reported value at saturation in neat water is 0.632 cm 3 .g -1 (equilibrium solubility is w3 = 0.6879) 4, 5 which is just coincident with that obtained in the mixture of w3 = 0.6252 (Table 1) . Table 2 summarizes the sucrose behavior in aqueous cosolvent mixtures of ethanol, propylene glycol and glycerol, which are the non-polymeric cosolvents more used in pharmaceutics of liquid medicines. As observable, in all cases the dissolution densities increase with the sucrose proportion as expected because this compound is the densest agent among all the studied compounds. In contrast to aqueous systems, in these systems no regular behavior is observed with values as the sucrose concentration increases. This is shown in Figure 3 for all the {ethanol (1) + water (2)} mixtures and also in Figure  4 for the five different {cosolvent ( Table 3 shows the sucrose behavior in aqueous cosolvent mixtures of PEG 200 and PEG 400, which are the polymeric cosolvents more used in design and development of peroral and parenteral drug products. As expected, in all cases the density values also increase with the sucrose concentration in the mixtures. In these mixtures the RDS is also lower than 1.0% in almost all cases, with the only exception of the {PEG 200 (1) + water (2)} mixture of o 1 w = 0.10.
Besides, Table 4 shows that the general RDS in each one of the aqueous PEG mixtures is almost lower than 1.0% despite the sucrose or PEG proportion in the mixtures.
Finally, if all the values reported in Tables 1 to 3 are considered a mean value of 0.632 (±0.008) cm 3 .g -1 , with RDS = 1.20%, is obtained. Although this RDS value is slightly higher than 1.0%, within a good approximation, for practical purposes at room temperature an apparent volumetric contribution of 0.632 cm 3 .g -1 could be considered as adequate for sucrose in those liquid mixtures that involve these cosolvents and water. Moreover, this value is close to those reported at saturation for sucrose in the same mixtures (0.636 and 0.637 cm 3 .g -1 ). 4, 5 This is very important because the pharmaceutical formulations involves several components including active ingredients and excipients, which makes them real multicomponent systems. Therefore, an exhaustive study about the individual contribution of every agent during preparation of liquid mixtures would be expensive in time and economic resources at industrial level. 
